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Tne purpose of t h i s  pager is t o  c&:Lculate t he  trapped e lec t ron  

, :?LLx resu l t ing  from the decay of neutrcns e;-nating from a poin'c source.\ t 

.h best examFle of such a source i s  a iiuclear explosion above t h e  
~ 

~ 

i :a-ih 's  atmosphere. 

decay 3y t ne  react ion 

Neutrons goizg out radially from the explosion 

- 
:;- ; - : e + v  

vi.t;h e man l i f e  1; of 1000 secai5.s 

r,e:tron decay have an energy s23ec~;n.m E :z:-ly independent of t h e  narbror, 

ve loc i ty  (Xdsada, 1963) . 

!I!> : electrons resu l t ing  from t h e  

There have recent ly  been several high a l t i t u u e  nuclear explosions 

t h a t  a r e  e s sen t i a l ly  point sources of  neutrons. 

evaluate the  addi t ions t o  the radiat ion S e l t  rss i l l t ing from neutron 

decay. 

distances  from t h e  S ta r f i sh  explosion of July 9, 1962. 

It i s  of interes-c t o  

It i s  known t h a t  some energetic parLlcles were observed at  large 

X;-iel observed 

r a r t i c l e s  up t o  L = 6 (Durney, El l io t ,  IIynds and Quenby, i.3;;2). W e  

k i l l  consider here scurces 'botil off and on t h e  magnetic sqm-cor and * 
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An Equztorial  Source 

S ta r t ing  with a neutron soiirce on rmgnetic equator t h e  t o t a l  

f l u x  F of neutrons passing t1lrouE;il I. c,' :,rea a t  a point i n  space a t  

2 distance p from the source i s  
24 F =  - 6-p 

iJhere M i s  the  t o t a l  number or" neutron:; from t h e  source. 

2eutron albedo from t he  atmosphere whicah w i l l  be considered l a t e r .  

This neglects  

The 

number of neutron decays per cm3 at t h i s  point i s  

d ~ r e  v i s  t h e  neutron veloci ty .  LZvahating from Figure 1, 

( 2 )  
1 p2 = (x - R ) 2  f y2 + Z L  

:;ubs%itutlng gives 

p2 = r2 + $ = 2rR sin9 COST 

i 



Along a f i e l d  Line we have 
-. -. -2 c 

s = -  2- s i n  8, 

"he neutroc decay density given i n  ( 5 )  i s  a l s o  t h e  e lec t ron  source 

c .ensii;y. in tegra t ing  equation ( 3 )  over longitude we ge t  

Tnis resrzsents  t h e  electron sodrce s t rezgth  zf'ter t he  electrons have 

h d  t i n e  t o  spread out i n  longitude. 

The f a c t  t h a t  we consider only x > B,or, r s i n e  cosV0 > R; t h i s  gives 

Tne value of 3o can be found from 

( 9) 1- 1 , 
'po = arc cos1 is s i n a i  

Equation (8) can be integrated d i r ec t ly  t o  give 

s sii16-1 -, 

d s  s i n e t l j i  10) 
M 1 

r.o(s,e) = 

This has 'been evaluated t o  give Figure 2, using 
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r-7 LJ lis Gives the  density d i s t r ibu t ion  of e lectrons prodGced along d i f f e ren t  

f i e l d  l i n c s .  

can calculate  

and from t h i s  

Assuning that  t h c  clcctrons tirc cmittcd isotropically, we 

W the  d i s t r ibu t ion  of mirror 20in-L~ of t h e  e lec t rons  

w e  can ge t  t h e  distribution of ' e l ec t ron  f l u x  along a 

f i e l d  l i n e  N Sy 

Tnese expressions for W and N are develoged i n  Eess anG Xilleen, (1961). 

They have been evaluated numerically t o  give Figures 3 and 4 

For E cIource of neutrons'a'oove iAe avmosphere we must consider not only 

nci..trons c:...-.~g upwards from the  source b x  a l so  albedo from the  top of the  

atnosphere. 

frix the  e q l o s i o n  s i te  will suI'fer col l is ions i n  t h e  upper atmosphere and 

a m J o r i t y  of The neutrons w i U  be sca t t e rx i  back out of t he  atmosphere. 

The l n t e n s i t y  and energy spectrum of t h i s  albedo flux have beeri calculated 

Xeutrons i n i t i a l l y  directed downwards i n t o  the  atmosphere 

Troz zult i-groups diffusion theory, described i n  d e t a i l  by Eess, Canfield, 

GIE -:.ingenfelter, (1961) . 
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The neutrons are a s s - ~ ~ ~ e d  t o  come fi*on ~2 i s o t r q i c  poin t  source 

U?>OVO . L ; b  u + l ; ~ ~ ~ u p , h - ~ r c ,  uud oapuxadic ca lc sb t ions j  arc ~ C L C ~ Q  for nGutronc w-i.+ta 

' t ) ~ t h  a Ymqellian energy distribu-cion at a t e x p r a t u r e  of 1 kev rmd a 

I.Lssioa T ~ ~ L L ? ; ; " o ~  energy spectruii. it is also ass-ixi~d ;hi;% ",he n e u t r ~ ; ? ~  

s c a t t e r  i so t rop ica l ly  at  t h e i r  firs?; co l l i s ion  and t h a t  t h e  densi-cy of 

frlrst collisions decreases with a l t i t ude  i z  t h e  form e -.Iu, where x i s  

tke da$h beaeaxh the  t o p  of t L t  z?;no;ph-.re i n  gm/ca2, L i s  t h e  c o l l i s i o n  

mean Yree pzzh (equal  t o  about 4 cm"/gm :or 1 kev neutrons and about 

L" cm"l/@ ?or f i s s i o n  neutrons) , a i 6  p i -  t k e  cosine of t he  angle of 

iLcidcnce the top  of the ataosghere. 

U y  incident ncut rms  zhe : ~ l b d o ,  GT f r ac t ion  of neutrons I 

re f lec ted ,  was carlculated t o  be 0.74 for I kev neutrons and 0.63 f o r  

fission neutrons. 

of incidence, as i s  shown i n  Figure 5 .  

ova 

6l ; t r ibu t ion  2t 1 kev, leaving t h e  explosion s i te  in t h e  downward hemisphere, 

ani 0.73 f c r  similar neutrcns wizh EL fissior? speczrum. 

Both values increase t o  un i ty  w i t h  decreasing angle 

Integrazion of these t w o  functions 

gives a t o t a l  albedo of 0.80 for neutrons w i t h  a PWe1lia-n 

? 

Tile c d c u l a t e d  energy spectra  of the  albedo fluxes from 1 kev and 

1'; ;si.on neutrons are sham in Figure 6, knere they  are cmpared with the 

rln.:icient sl)ectra.  

c;' xean free paths of a boundary, the alb-.dos thus  calculated should 

2~~bably Lave an uncertainty of about k26,~. 

Since diff'usion theoor?,, i s  not rigorous within a couple 

n 

1 
i 
1 .- . .  .. ... ,.. . .-----.-. -- - ~- 

i 



It i s  necessary t o  cms ide r  t he  ne-itron decay more completely i n  

.;tudying the  albedo neutrcns in the  eV mergy  r a g e .  

.;he n-utron decay density a t  a i;s- 

I n  t h i s  case 
kaJlC.2 !I 
f i m  the  source i s  

D - -  
vi 

2 
M 

4no v-i 
no = 

, 2  

, : ration ov2r i s  given by 

3.z 
-c 

!.Tnese &cay dees i t ies ,  n, haw C t 7 m  traLxfomed t o  e lec t ron  flux 

c:istribii-ciolzs, N, i n  t h e  sal-e rmmer as before. Values of N a re  

:,lotted for the  four values of R/v'; i n  ??igare 7 - 10 f o r  M/*E3 = 1. 

Wz CE;~. i1OW agply t h i s  analysis  to 2 spec l f ic  cass .  The Ju ly  9 
, - -  ~ . - :Y~rf is3 explosion vas about 1 .4  XP. 'This released t h e  order of 13" 

.?utr=ins. 

I. ,~SOCSO.LC). . . 

I; the  Scab debris t o  a temperature of 1 kev or v = .45X1G8~This  sec 

it w a s  near enough t h e  equator so  the current analysis  i s  

_ .  Let  us assume' t h a t  10; of these neutrons were ther;aalized 

my 

_-,at be a good. assumption, but we w i l l  use it f o r  Lack of b e t t e r  i n fomat ion .  



m, ,=l i z- ?." . L..--- cms tan t  K. To do ~ h l s  we b:cA the neu'iron energy spectrux 

. . L . / ~ ~  ~ L X G  Zive energy grmps t i k t  are rpproprizte  t o  t h e  f i v e  values of -. 

.05 77 ev 31 - 310 ev  -17 

.2 k.8 ev 3 . 1  - jl ev 5 . 4X10-2  

.5 0.8 ev .3i - 3.1 ev i .6~i0" 

1.c 0.2 ev 0 - .31 ev a . 3 x 1 0 - ~  

.*O:* 10:: of the  neutrons release6 appeark:  a t  1 kev. 

I njec t ioc  5u and t h e  lower alt i i tude f iux w i l l  decrease fair2.y rap id ly  

<.s a r e s d z  of codomb sca t te r ing  ir ,  t he  atmosphere. 

OA 100; of the reieased neutrons having a f i s s i o n  spectrum give Quite 

sinlilar results because the  higher t o t a l  flux i s  offset  by t h e  smlier 

5 i s  l s  only t h e  

Calculations based 
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p2= (x - R sinq) + ( y  i ii  cos^)^ + z2 

The f signs here depend on whether -the point 02 observation i s  i n  the 

i\'crthorn &xisphere ( 9 )  or the  Soxthcm &nJ;pliere (+> . 
using this gives a neutron decay density of 

-. 
1 I 

I 1 7 ; )  < ,- i s  integrable  as before ' to  give 

Ti13 i n t e g r a l  i s  broken i n t o  two parts,  the Nortlnern Hemisphere 

(+qo t o  0) and the Southern Hemisphere ( 0  t o  -90) and gives 

.;,ere a = 1 + s 2  

b = -2s s in8  sin77 i 2s cos6 cos? 

. s i  90 ca,n be evaluazed f rm the  fzc t  that reutrons on ly  zppear on 
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sowce exists. in the  region where 
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